George & Coch, 2011) and it is not impossible that such improvements generalize to nonmusic skills.
Does Music Skill Transfer to non-Music Skills? A Look at the Empirical Evidence
Several correlational studies have shown that music skill is associated with nonmusic-specific skills such as literacy (Anvari, Trainor, Woodside, & Levy, 2002; Forgeard et al., 2008) , mathematics (Cheek & Smith, 1999 ), short-term and working memory (Lee, Lu, & Ko, 2007) , and general intelligence (Lynn, Wilson, & Gault, 1989; Schellenberg, 2006; Schellenberg & Mankarious, 2012) . Anvari et al. (2002) found that music perception skills predicted reading abilities in preschool children. Similarly, Forgeard et al. (2008) reported that music discrimination ability correlated with phonological processing skill in a sample of typically developing and dyslexic children. Concerning mathematical ability, Cheek and Smith (1999) showed that students who had received private lessons of music performed better in the mathematics portion of the Iowa Test of Basic Skills. Consistent with the latter two studies, Wetter, Koerner, and Schwaninger (2009) found a positive relationship between being engaged in music activities and overall academic achievement.
Music skill seems to be positively associated to cognitive ability too. In Lee et al.'s (2007) study, music-trained children and adults were compared to age-matched control groups in a series of digit span and spatial span tasks. The music-trained groups outperformed the controls in all the measures. Regarding overall cognitive ability, a convincing amount of evidence suggests that music skill and general intelligence are significantly related. Lynn et al. (1989) found a correlation between the scores on Raven's Standard Progressive Matrices (Raven, 1960) and a series of music tests in a group of 9-11 year-old children. Moreover, Schellenberg (2006) Finally, this finding was confirmed in a more recent study involving 7-and 8-year-old children (Schellenberg & Mankarious, 2012) .
However, such correlational studies cannot ascertain any far-transfer of skill from music training to other areas, because no direction of causality can be inferred. For example, both music and non-music skills could stem from innate intellectual abilities. Stronger conclusions can be drawn from studies using an experimental design, where an experimental group without previous formal musical instruction receives musical training. However, the experimental studies on the benefits of music training have provided mixed results. For example, while some studies have reported positive results Portowitz, Lichtenstein, Egorova, & Brand, 2009) , others have showed modest evidence of music training on children's performance on intelligence tests . Analogously, studies investigating the effect of music training on cognitive ability such as spatial-and memory-related skills have provided no clear pattern of results. For example, in , music training exerted a strong effect on children's visuospatial ability. Analogously, in Degé, Wehrum, Stark, and Schwarzer (2011) music Such variability in the results may be due to the design features of the studies, including (a) the age of the participants, (b) the random (or non-random) assignment to the treatment and control groups, and (c) the presence (or absence) of a group engaged in an alternative activity to control for non-music-specific effects, such as placebos. Age may affect the occurrence of transfer of skills in two ways. First, transfer effects may be a function of brain plasticity (Buschkuehl, Jaeggi, & Jonides, 2012) , which, in turn, is a function of age.
Second, as students grow up, the level of specificity of the activities they are engaged in increases (e.g., mathematics, literacy, etc.). Crucially, research on expertise has shown that the higher the level of a particular ability, the more specific the features of that ability will be, and consequently, the lower the likelihood that transfer will occur (Ericsson & Charness, 1994; Gobet, 2015) .
Quality design-related features may be important moderators too. Without random allocation of the participants, it is not always possible to ensure the baseline equivalence between experimental and control groups, especially if the experimental group is selfselected. Controlling for placebo effects could be even more important. In fact, the experience of a new activity such as music training may cause, ipso facto, an enhancement in children's and young adolescents' cognitive and academic skills. Music-related activities are usually a novelty for young students and may induce a state of motivation and excitement, which, in turn, may be the real cause of the observed (and temporary) improvements.
Comparing music training with other enrichment activities is thus essential to understand whether the observed benefits are specifically due to music, or just the consequence of nonspecific placebo effects.
Aims of the Present Meta-Analysis
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Similar claims have been made about the possibility of obtaining transferable benefits, both cognitive and academic, from playing video-games (Green, Li, & Bavelier, 2010; Green, Pouget, & Bavelier, 2010) , working memory training (Melby-Lervag & Hulme, 2013 , and playing chess in schools (Gobet & Campitelli, 2006; Sala & Gobet, 2016) . However, research in these fields suggests that optimism about the positive effects of music training must be tempered by the possibility that the observed effects are due to confounding factors such as placebo effects (Boot, Blakely, & Simons, 2011; Gobet et al., 2014; Sala & Gobet, 2016 ) and lack of random assignment of the participants to the groups.
Our meta-analysis, then, examines the potential cognitive and academic benefits of music training for the general population of children and young adolescents (see 2.2.
Inclusion/Exclusion Criteria). In a first stage, we estimated the overall size of the effects of music training on non-music cognitive and academic skills by comparing experimental groups to control groups. In a second phase, we assessed the potential role of several possible moderators on the effectiveness of music training. The analysis of these factors -along with the estimation of an overall effect size -aimed to test: (a) whether music training enhances students' cognitive and academic skills, or whether far-transfer from music to other areas is null or negligible; (b) whether music training improves some specific skills more than others;
(c) whether students' age affects the benefits of music training; and (d) whether the methodological quality of the studies reviewed -i.e., random allocation of participants and comparisons with active (i.e., do-other) control groups to rule out placebo effects -influence the results. Points c) and d) were addressed by performing a meta-regression analyses (see Section 3.1).
Method

Literature Search
In line with the PRISMA statement (Moher, Liberati, Tetzlaff, & Altman, 2009 ), a systematic search strategy was used to find the relevant studies. Using the following combination of the keywords "music" AND ("training" OR "instruction" OR "education" OR "intervention"), Google Scholar, ERIC, Psyc-Info, ProQuest Dissertation & Theses, and Scopus databases were searched to identify all the potentially relevant studies. Also, previous narrative reviews were examined, and we e-mailed researchers in the field (n = 11) asking for unpublished studies and inaccessible data. 1
Inclusion/Exclusion Criteria
The studies were included according to the following nine criteria:
1. The design of the study included music training; correlational and ex-post facto studies were excluded;
2. The independent variable (music training) was successfully isolated; the studies using integrated curricula (e.g., lessons of music and reading in the same intervention) were excluded;
3. The study presented a comparison between a music-treated group and, at least, 6. The participants of the study were pupils aged three to 16;
7. The participants of the study were pupils without any previous formal musical training (as stated by the authors of the included studies);
8. The participants of the study were pupils without any specific learning disability (e.g., developmental dyslexia) or clinical condition (e.g., autism); 9. The data presented in the study were sufficient to calculate an effect size.
To identify studies meeting these criteria, we searched for relevant published and unpublished articles in the last 30 years (from January 1, 1986, through March 1, 2016), and scanned reference lists.
Among the studies screened (n = 166), we found 38 studies, conducted from 1986 to 2016, that met all the inclusion criteria. These studies included 40 independent samples and 118 effect sizes, and a total of 3085 participants.
Moderators
We selected four potential moderators. The first two, which we termed theoretical moderators, referred to features of the dependent variables and the participants of the studies, while the last two, which we termed methodological moderators, addressed more general methodological aspects: 
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a When the mean age was not provided, the medium range was inserted in the model. Similarly, when the grade of the students was provided the medium range was considered (e.g., first graders, six-year-olds).
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Effect Size 4
For the studies with an only-post-test design, the standardized means difference (Cohen's d) was calculated with the following formula:
where SD pooled is the pooled standard deviation, and M e and M c are the means of the experimental group and the control group, respectively. 5 For the studies with a repeatedmeasure design, the standardized means difference was calculated with the following formula:
where SD pooled-pre is the pooled standard deviation of the two pre-test standard deviations, and M g-e and M g-c are the gain of the experimental group and the control group, respectively (Schmidt & Hunter, 2015, p. 353 ).
Analogously to other recent meta-analyses (e.g., Macnamara, Hambrick, & Oswald, 2014) , the effect sizes with z-scores greater than 3 (n = 9) or smaller than -3 (n = 2) were
Winsorized to z-scores equal to 2.99 and -2.99, respectively. 6 This procedure was adopted to reduce the weight of potential outliers in the analysis (Lipsey & Wilson, 2001; Schmidt & Hunter, 2015, pp. 235-236; Tukey, 1962) . Finally, the Comprehensive Meta-Analysis (Version 3.0; Biostat, Englewood, NJ) software package was used for computing the effect sizes and conducting statistical analyses. 4 All the formulas we used were taken from Schmidt and Hunter (2015) . 5 If the t statistic was provided, we used the regular formula ݀ = ‫ݐ‬ × ඥ(݊ ଵ + ݊ ଶ ) (݊ ଵ × ݊ ଶ ) ⁄ . 6 We also performed additional analyses without Winsorizing the 11 effect sizes. No significant difference was found in the overall results (for the details, see Section S1 and Table S3 in the Supplemental material available online).
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Statistical Dependence of the Samples
The effect sizes were calculated for each dependent variable reported in the studies (Schmidt & Hunter, 2015) . Moreover, when the study presented a comparison between one experimental group and two control groups (do-nothing and active), two effect sizes were calculated (one for each comparison with experimental and control groups; see Table 1 ). As this procedure violates the principle of statistical independence, the method designed by Cheung and Chan (2004) was applied to both the main and the additional models (see Sections 3.1 and 3.2). This method reduces the weight in the analysis of dependent samples by calculating an adjusted (i.e., smaller) N. Since Cheung and Chan's (2004) method cannot be used for partially dependent samples, we ran our analyses as if the comparisons between experimental samples and two different control groups were statistically independent.
However, it must be noticed that the violation of statistical independence has little or no effect on means, standard deviations, and confidence intervals (Bijmolt & Pieters, 2001; Tracz, Elmore, & Pohlmann, 1992) . Thus, the entire procedure is a reliable way to deal with the statistical dependence of part of the samples. For the list of the studies and the adjusted Ns, see Table S2 in the Supplemental material available online.
Results
The random-effects meta-analytic overall effect size was ݀ ̅ = 0.16, CI [0.09; 0.22], k = 118, p < .001. The forest plot is shown in Figure 1 . The degree of heterogeneity (Borenstein, Hedges, Higgins, & Rothstein, 2009 ) between effect sizes was I 2 = 46.94, suggesting that some moderators had a potential effect. 7
Insert Figure 1 
Meta-Regression Analysis
A meta-regression model including all the four moderators was run. The model fitted the data significantly, Q(9) = 49.06, R 2 = .65, p < .001. Age was not a significant moderator, p = .944. The statistically significant moderators were Outcome measure, Q(6) = 21.78, p = 
Additional Meta-Analytic Models
Since Outcome measure was a significant moderator, we calculated the randomeffects meta-analytic overall effect size of each of the seven measures, in order to investigate whether any measure showed an overall effect size appreciably larger (or smaller) than the others. The overall effect sizes are summarized in Table 2 . The meta-regression analysis showed that only memory-and intelligence-related overall effect sizes were significantly different compared to the other measures (b = 0.26, p = .041, and b = 0.30, p = .029, respectively). Begg and Mazumdar's (1994) rank correlation test showed no evidence of publication bias (p = .433, one-tailed). In addition, to test the robustness of results (Kepes & McDaniel, 2015) , we ran a p-curve analysis for the detection of publication bias (Simonsohn, Nelson, & Simmons, 2014) . We selected the ps according the following two rules: (a) only positive results (i.e., z > 0) were considered; and (b) to avoid redundancy, only one p < .01 per study was inserted into the analysis. The results had evidential value (i.e., no evidence of publication bias) because we found more low p-values (p < .01) than high p-values (.01 < p < .05), z(14) = -4.24, p < .001 (Figure 2 ).
Publication Bias Analysis
Insert Figure 2 around here
Finally, Duval and Tweedie's (2000) method found no publication bias in any of the seven models (i.e., no studies trimmed left of the mean).
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Sensitivity Analysis
Since Rickard et al.'s (2012) study reported a large number of effect sizes (k = 20), we conducted a sensitivity analysis by excluding those effect sizes from all the models. The random-effects meta-analytic overall effect size was still modest, ݀ ̅ = 0.20, CI [0.14; 0.27], k = 98, p < .001. The degree of heterogeneity between effect sizes was I 2 = 39.31, suggesting that some moderators had a potential effect. For the list of the studies and the adjusted Ns, see Table 3 ). Note. The 20 effect sizes calculated from were excluded.
Discussion
The present meta-analysis aimed to test the hypothesis that music training improves children's and young adolescents' cognitive and academic skills, and to evaluate the potential role of moderating variables. Along with a small overall effect size (݀ ̅ = 0.16, CI [0.09; 0.22]), which indicates that far-transfer from music to non-music skills was limited, the results showed a slightly greater positive effect of music training on some of the cognitive skills (i.e., intelligence and memory) and a non-significant effect on all the academic skills.
Moreover, the design quality of the studies significantly affected the magnitude of the effects.
A similar pattern of results was obtained in the sensitivity analysis model.
We did not correct for attenuation due to measurement error because only about half of the studies provided reliability coefficients. However, correcting for measurement error would not significantly affect the effect sizes. For example, if we assume that the reliability coefficients are between .80 and .90, then the corrected estimate of the overall effect size of the main model (i.e., ݀ ̅ = 0.16) would be between 0.17 and 0.18, a difference of only 0.01 or 0.02 standard deviations.
Substantive Results
The outcomes of the present meta-analysis allow us to draw some important conclusions. First, the small overall effect size upholds Thorndike and Woodworth's (1901) common-element theory. In line with previous research (Donovan et al., 1999; Sala & Gobet, M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT MUSIC, COGNITIVE, AND ACADEMIC SKILLS 22 2016), far-transfer from music to other cognitive or academic abilities seems to be small or null. Second, music training appears to moderately foster intelligence-and memory-related outcomes. However, no significant effect on academic skills was found (literacy, ݀ ̅ = -0.07, CI [-0.23; 0.09], p = .386; mathematics, ݀ ̅ = 0.17, CI [-0.02; 0.36], p = .085). This outcome suggests that improvements in memory and intelligence do not generalize to academic skills.
Alternatively, and more likely, the observed positive effects of music training in intelligenceand memory-related outcomes are due to confounding variables (we will take up this point below). Either way, the hypothesis according to which the multiple benefits of music training, including academic benefits, stem from an improvement in general intelligence (or overall cognitive skill) is not corroborated. Third, the age of the participants is not a statistically significant moderator. Fourth, the meta-regression model accounts for a large proportion of the variance (R 2 = .65) between the effect sizes. The latter result implies that the statistically significant moderators explain, to a large extent, why the research on the effects of music training on children's and young adolescents' skills has produced mixed results up to now.
Methodological Results
The meta-regression analysis shows that both methodological moderators (i.e., random allocation of participants to the treatment groups and comparison to an active control group) affected the effect sizes. In other words, the better the design quality, the smaller the effect sizes. This outcome lends further support to the idea that the observed positive effects, when any, of music training on non-music-related outcomes, are probably due to confounding variables, such as placebo effects and lack of random allocation of participants.
Unfortunately, this conclusion seems to apply to memory-and intelligence-related effect sizes too. In fact, despite the greater overall effect sizes in these two outcome measures positive results seems questionable. Only one study tested the effect of music training on children's intelligence using a rigorous experimental design (i.e., random allocation of participants and active control group), and the effect was found to be modest (d = 0.16). Concerning the memory-related outcomes, none of the reviewed studies adopted such a design. Furthermore, as pointed out above, a genuine -i.e., not due to confounding variables -improvement in such critical cognitive skills should leave a trace in students'
academic skills, at least to some degree.
The sensitivity analysis (Section 3.4) showed that when Rickard et al.'s (2012) study and all its effect sizes were excluded, the overall effect size in mathematics became significantly positive. However, the only study comparing a music training group to an active control group and with random allocation of the participants to the groups -i.e., Mehr et al.
(2013) -found a negative effect size (d = -0.25). These considerations uphold the conclusion that music training does not substantially enhance any non-music-related cognitive skill.
Conclusions and Recommendations for Future Research
The results of this meta-analysis fail to support the hypothesis that music skill transfers to cognitive or academic skills in the general population of children and young adolescents. Together with previous findings in psychology and education, these results suggest a sobering conclusion: when the potential occurrence of far-transfer is tested rigorously, the results are often, if not always, disappointing. Thus, this study lends further support to the hypothesis according to which far-transfer rarely occurs. Even when music training appears to foster some of the participants' cognitive skills (intelligence and memory), the reliability of the results is doubtful. In fact, only one study investigated, with a proper design, the effects exerted by music training on the participants' intelligence-and memory- 
Highlights
• Music training is thought to improve youngsters' cognitive and academic skills.
• Results show a small overall effect size (݀ ̅ = 0.16, K = 118).
• Music training seems to moderately enhance youngsters' intelligence and memory.
• The design quality of the studies is negatively related to the size of the effects.
• Future studies should include random assignment and active control groups.
